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FLEXIBLE CURTAIN ANTENNA FOR READING 
RFID TAGS 

RELATED APPLICATIONS 

[0001] This application claims priority and the bene?t of 
US. Provisional Patent Application Serial No. 60/376,605 
?led Apr. 29, 2002, Which is incorporated by reference 
herein in its entirety. 

FILED OF THE INVENTION 

[0002] The present invention relates to a ?exible curtain 
antenna that is coupled to an interrogation reader for com 
municating With Wireless communication devices. 

BACKGROUND OF THE INVENTION 

[0003] It is commonplace to track objects, such as goods 
or other articles of manufacture, during their manufacture, 
transport and/or distribution. Wireless communication 
devices may be attached to or associated With such objects 
to provide information about the objects such as their 
identi?cation number, expiration date, date of manufacture 
or “born on” date, lot number, and the like. 

[0004] In order to communicate With a Wireless commu 
nication device, an interrogation reader or other Wireless 
transmission device must be placed in the transportation 
path of the objects. An interrogation reader uses an antenna 
to generate a radiation ?eld for communication With the 
Wireless communication device. If the Wireless communi 
cation device is designed to operate at short range, the 
interrogation reader’s antenna must be placed in close 
proximity to the Wireless communication device associated 
With the objects Without blocking the transportation path of 
the objects. 

[0005] It may be even more dif?cult to provide an antenna 
for communication With Wireless communicating devices on 
objects if the Wireless communication device is capable of 
being placed on different areas of the object. For example, 
a Wireless communication device attached to a box may be 
attached on any face of the box, including the top, bottom, 
front, back, left or right side. 

[0006] Therefore, a need exists to provide an antenna for 
an interrogation reader that can be placed in close proximity 
to Wireless communication devices associated With objects 
for retrieving information about such objects Without inter 
fering or blocking the transportation path of such objects. A 
need also exists for such antenna to be capable of commu 
nicating With Wireless communication devices attached on 
different areas of an object. 

SUMMARY OF THE INVENTION 

[0007] The present invention is a ?exible curtain antenna 
that is capable of communicating With a Wireless commu 
nication device on an object passing through the antenna. 
The curtain antenna contains one or more panels that contain 
one more conductors to form an antenna. The panels are 
attached to a mounting structure. The interrogation reader is 
coupled to the panels to form an antenna to establish 
communication With a Wireless communication device on an 

object as it passes through the panels. 

[0008] In one embodiment, ?exible panels are attached to 
a horiZontal mounting structure, and the panels hang doWn 
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Ward. The horiZontal mounting structure is attached to a left 
vertical structure on its left end and a right vertical structure 
on its right end to form a portal for objects to pass through. 
The panels contain a loop conductor that is coupled to the 
interrogation reader to form an antenna. 

[0009] In another embodiment, the curtain antenna is 
designed to alloW a forklift truck carrying pallets and/or 
objects containing Wireless communication devices to pass 
through. The curtain antenna is used by the interrogation 
reader to communicate With the Wireless communication 
device on the objects. 

[0010] In another embodiment, the panels of the curtain 
antenna contain conductors With more than one loop to form 
multiple loop conductor antennas. 

[0011] In another embodiment, the panels of the curtain 
antenna contain a link chain that provides the conductor 
antenna. 

[0012] In another embodiment, the mounting structure for 
Wedge-shaped panels is comprised of tWo vertical supports. 
The Wedge-shaped panels contain antennas and are horiZon 
tally attached to the inside of each vertical support. The 
panels form a ?nger structure With respect to each other so 
that the panels interlock With each other in their resting 
position. Objects having Wireless communication devices 
can be interrogated as they come into close proximity or 
move through the panels. 

[0013] In another embodiment, the mounting structure for 
Wedge-shaped panels is circular. The Wedge-shaped panels 
contain antennas and are mounted to the inside of the 
mounting structure. The panels narroW in Width as the panels 
extend to the center of the mounting structure so that the 
panels interlock With each other in their resting position. 
Objects having Wireless communication devices can be 
interrogated as they come into close proximity or move 
through the panels. 

[0014] In another embodiment, the panels of the curtain 
antenna are comprised out of a plastic material ?lled With air 
or other material that is expelled onto the objects as they 
pass through the curtain antenna. Air expelled out of the 
panels causes the panels to hover around objects passing 
through the curtain antenna thereby reducing drag on the 
panels. Other material expelled out of the panels onto the 
products may be desirable for certain applications. For 
example, the expelled material may be an insecticide placed 
on food objects that pass through the curtain antenna. 

[0015] In another embodiment, the interrogation reader is 
coupled to a multiplexor to control energy coupled to the 
conductor antennas in the panels. The multiplexor directs 
energy from the interrogation reader to one panel at a time 
to cause the loop conductor in the panel to generate a ?eld 
for communication With a Wireless communication device. 

[0016] In another embodiment, the interrogation reader is 
coupled to a proximity sensor to detect objects in close 
proximity and/or passing through the curtain antenna. The 
interrogation reader excites the conductors in the panels only 
When an object is detected to conserve energy. 

[0017] In another embodiment, the antennas in the panels 
may be used as a proximity sensor, Without need for a 
separate proximity sensor, to detect objects in close prox 
imity and/or passing through the curtain antenna. The inter 
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rogation reader excites the conductors in the panels only 
When an object is detected to conserve energy. 

[0018] The interrogation reader is capable of communi 
cating information received from Wireless communication 
devices on objects in close proximity or passing through the 
curtain antenna to a reporting system and/or a remote 
system. The reporting system may be located in close 
proximity to the interrogation reader, and the remote system 
is located remote from the interrogation reader. The inter 
rogation reader may communicate information to the report 
ing system and/or the remote system using either a Wired or 
Wireless connection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a schematic diagram of an interrogation 
reader and Wireless communication device system in the 
prior art; 

[0020] FIG. 2 is a schematic diagram of one embodiment 
of a ?exible curtain antenna; 

[0021] FIG. 3 is a schematic diagram of the movement of 
one panel in the ?exible curtain antenna illustrated in FIG. 
2; 
[0022] FIG. 4 is a schematic diagram of a forklift truck 
that is transporting stacked pallets containing Wireless com 
munication devices through a ?exible curtain antenna; 

[0023] FIG. 5 is a schematic diagram of a ?exible curtain 
antenna comprised of panels having a loop conductor 
antenna With more than one turn; 

[0024] FIG. 6 is a schematic diagram of a ?exible curtain 
antenna comprised of panels containing more than one loop 
conductor antenna; 

[0025] FIG. 7 is a schematic diagram of a ?exible curtain 
antenna comprised of panels containing a link chain con 
ductor antenna; 

[0026] FIG. 8A is a schematic diagram of a ?exible 
curtain antenna With vertical supports; 

[0027] FIG. 8B is a schematic diagram of an object 
passing through the curtain antenna illustrated in FIG. 8A; 

[0028] FIG. 9A is a schematic diagram of a ?exible 
curtain antenna With a circular support; 

[0029] FIG. 9B is a schematic diagram of objects on an 
assembly line falling through the curtain antenna illustrated 
in FIG. 9B; 

[0030] FIG. 10 is a schematic diagram of an interrogation 
reader that comprises a multiplexor for managing commu 
nications betWeen a plurality of panels having antennas in a 
?exible curtain antenna; 

[0031] FIG. 11 is a ?oWchart of an interrogation reader 
establishing communication With a Wireless communication 
device When an object is detected; 

[0032] FIG. 12 is a schematic diagram of panels in a 
curtain antenna expelling air onto products that pass through 
the curtain antenna to reduce drag on the panels; and 

[0033] 
system. 

FIG. 13 is a schematic diagram of a reporting 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] The present invention is directed to a ?exible 
curtain antenna that is capable of communicating With a 
Wireless communication device on an object passing through 
the antenna. The curtain antenna contains one or more 
panels that contain one or more conductors to form an 
antenna. The panels are attached to a mounting structure. 
The panels are capable of moving relative to the mounting 
structure as objects pass through the panels. An interrogation 
reader uses the panels as an antenna to establish communi 
cation With a Wireless communication device on an object as 
it passes through the panels. 

[0035] Before discussing the particular aspects of the 
curtain antenna, a brief discussion of interrogation readers 
and Wireless communication devices folloWs. 

[0036] FIG. 1 illustrates a typical Wireless communication 
device and communication system in the prior art. The 
Wireless communication device 10 is capable of communi 
cating information Wirelessly and may include a control 
system 12, communication electronics 14, and memory 16. 
The Wireless communication device 10 is also knoWn as a 
radio-frequency identi?cation device (RFID). The commu 
nication electronics 14 is coupled to an antenna 18 for 
Wirelessly communicating information in radio-frequency 
signals. The communication electronics 14 is capable of 
receiving modulated radio-frequency signals through the 
antenna 18 and demodulating these signals into information 
passed to the control system 12. The antenna 18 may be 
internal or external to the Wireless communication device 
10. 

[0037] The control system 12 may be any type of circuitry 
or processor that receives and processes information 
received by the communication electronics 14, including a 
micro-controller or microprocessor. The Wireless communi 
cation device 10 may also contain a memory 16 for storage 
of information. Such information may be any type of infor 
mation about goods or objects, including but not limited to 
identi?cation, tracking and other pertinent information. The 
memory 16 may be electronic memory, such as random 
access memory (RAM), read-only memory (ROM), ?ash 
memory, diode, etc., or the memory 16 may be mechanical 
memory, such as a sWitch, dip-sWitch, etc. 

[0038] Some Wireless communication devices 10 are 
termed “active” devices in that they receive and transmit 
data using their oWn energy source coupled to the Wireless 
communication device 10. AWireless communication device 
10 may use a battery for poWer as described in US. Pat. No. 
6,130,602 entitled “Radio frequency data communications 
device,” or may use other forms of energy, such as a 
capacitor as described in US. Pat. No. 5,833,603, entitled 
“Implantable biosensing transponder.” Both of the preceding 
patents are incorporated herein by reference in their entirety. 

[0039] Other Wireless communication devices 10 are 
termed “passive” devices meaning that they do not actively 
transmit and therefore may not include their oWn energy 
source for poWer. One type of passive Wireless communi 
cation device 10 is knoWn as a “transponder.” Atransponder 
effectively transmits information by re?ecting back a 
received signal from an external communication device, 
such as an interrogation reader. An example of a transponder 
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is disclosed in US. Pat. No. 5,347,280, entitled “Frequency 
diversity transponder arrangement,” incorporated herein by 
reference in its entirety. Another example of a transponder is 
described in co-pending patent application Ser. No. 09/678, 
271, entitled “Wireless communication device and method,” 
incorporated herein by reference in its entirety. 

[0040] It is readily understood to one of ordinary skill in 
the art that there are many other types of Wireless commu 
nications devices and communication techniques than those 
described herein, and the present invention is not limited to 
a particular type of Wireless communication device, tech 
nique or method. 

[0041] FIG. 1 also depicts communication betWeen a 
Wireless communication device 10 and an interrogation 
reader 20. The interrogation reader 20 may include a control 
system 22, an interrogation communication electronics 24, 
memory 26, and an interrogation antenna 28. The interro 
gation antenna 28 may be a pole antenna or a slot antenna. 
The interrogation reader 20 may also contain its oWn inter 
nal energy source 30, or the interrogation reader 20 may be 
poWered through an external poWer source (not shoWn). The 
energy source 30 may include a battery, a capacitor, solar 
cell or other medium that contains energy. The energy source 
30 may also be rechargeable. The interrogation reader 20 
may also include a clock 23 that is coupled to and used by 
the control system 22 for changing clock cycles and timing 
operations and/or other timing calculations. 

[0042] The interrogation reader 20 communicates With the 
Wireless communication device 10 by emitting an electronic 
communication signal 32 modulated by the interrogation 
communication electronics 24 through the interrogation 
antenna 28. The interrogation antenna 28 may be any type of 
antenna that can radiate a communication signal 32 through 
a ?eld 34 so that a reception device, such as a Wireless 
communication device 10, can receive such communication 
signal 32 through its oWn antenna 18. The ?eld 34 may be 
electromagnetic, magnetic, or electric. The communication 
signal 32 may be a message containing information and/or 
a speci?c request for the Wireless communication device 10 
to perform a task or communicate back information. When 
the antenna 18 is in the presence of the ?eld 34 emitted by 
the interrogation reader 20, the communication electronics 
14 are energiZed by the energy in the communication signal 
32, thereby energiZing the Wireless communication device 
10. The Wireless communication device 10 remains ener 
giZed so long as its antenna 18 is in the ?eld 34 of the 
interrogation reader 20. The communication electronics 14 
demodulates the communication signal 32 and sends the 
message containing information and/or request to the control 
system 12 for appropriate actions. 

[0043] FIG. 2 illustrates a curtain antenna 28 for one 
embodiment of the present invention. The curtain antenna 28 
is comprised of a horiZontal mounting structure 40. The 
horiZontal mounting structure 40 may be comprised out of 
any sturdy material, including but not limited to metal, steel, 
aluminum, plastic, etc. The curtain antenna 28 is also 
comprised of a left vertical structure 42 and a right vertical 
structure 44. The left vertical structure 42 and the right 
vertical structure 44 are attached substantially perpendicular 
to the horiZontal mounting structure 40 on each of its ends 
to form an opening or portal 29. Please note, hoWever, that 
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the left vertical structure 42 and right vertical structure 44 
are optional and are not required to practice the present 
invention. 

[0044] Objects containing Wireless communication 
devices 10 pass through the portal 29, and the curtain 
antenna 28 is excited by the interrogation reader 20 to 
communicate With the Wireless communication devices 10. 
Objects may include, but are not limited to, a container, a 
pallet, a beverage can, and a beer keg. More information on 
Wireless communication devices 10 attached to the afore 
mentioned objects is disclosed in co-pending patent appli 
cation Ser. No. 09/678,271 ?led on Oct. 3, 2000 entitled 
“Wireless communication device and method,” incorporated 
herein by reference in its entirety. 

[0045] The Wireless communication device 10 and the 
curtain antenna 28 may be designed to operate at loWer 
frequencies such as 125 kHZ and 13.56 MHZ, or higher 
frequencies such as 2.45 GHZ. The curtain antenna 28 may 
also be comprised of antennas that are designed to commu 
nicate at different frequencies so that the same curtain 
antenna 28 is capable of communicating With Wireless 
communication devices 10 that operate at different frequen 
cies, or a single Wireless communication device 10 that is 
capable of operating at more than one frequency. 

[0046] The curtain antenna 28 has one or more panels 46 
that are attached to the horiZontal mounting structure 40 
betWeen the left vertical structure 42 and the right vertical 
structure 44. Just as the left vertical structure 42 and the right 
vertical structure 44, the panels 46 are also attached sub 
stantially perpendicular to the horiZontal mounting structure 
40 on one end. HoWever, unlike the left vertical structure 42 
and the right vertical structure 44, the panels 46 are ?exible. 
The panels 46 may be comprised out of any ?exible mate 
rial, including but not limited to plastic, rubber, etc. The 
curtain antenna 28 is designed so that an object can pass 
through the portal 29 and through the panels 46. The panels 
46 move When the object passes through the portal 29. The 
panels 46 drape around the object as it passes through the 
portal 29 since the tendency of the panels 46 is to move back 
to their uninterrupted position; hanging straight doWn. 

[0047] In this embodiment, there are seven panels 46 
aligned side-by-side in the curtain antenna 28. Increasing the 
number of panels 46 alloWs an object to place less force on 
the panels 46 for the object to move through the panels 46 
since the Width and the Weight of the individual panels 46 is 
less. Asmall gap 50 may exist betWeen each panel 46 so that 
the panels 46 are free to move about When encountering an 
object. 

[0048] The panels 46 contain a conductor 48 that forms an 
antenna as part of the curtain antenna 28. The conductor 48 
may be a Wire and may be comprised out of any conductive 
material, including but not limited to aluminum, copper, and 
steel. The interrogation reader 20 is coupled to one or more 
conductors 48 in the panels 46 so that the conductors 48 
generate the ?eld 34 for communications With Wireless 
communication devices 10 that pass through the portal 29 
and/or come in close proximity to the panels 46. 

[0049] The conductor 48 that forms the curtain antenna 28 
may be any type of pole antenna, including a loop conductor 
or dipole antenna. The panels 46 may also contain any type 
of slot antenna that acts as the curtain antenna 28. Examples 
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of pole and slot antennas that may be used With the present 
invention are disclosed in co-pending patent application Ser. 
No. 09/810,858 entitled “Communicating With stackable 
objects using an antenna array,” ?led on Mar. 16, 2001, 
incorporated herein by reference in its entirety. 

[0050] The interrogation reader 20 may be attached to any 
component of the curtain antenna 28, such as the horizontal 
mounting structure 40 as illustrated in FIG. 2. HoWever, the 
interrogation reader 20 does not have to be attached to the 
curtain antenna 28. 

[0051] FIG. 3 illustrates a curtain antenna 28 like that 
illustrated in FIG. 2, except that only one panel 46 is shoWn 
to illustrate the movement of the panel 46. Because the panel 
46 is attached only to one end of the horiZontal mounting 
structure 40, the panel 46 is free to move about this point of 
connection. The panel 46 Will move in a conical direction 
With respect to the horiZontal mounting structure 40 When 
force is applied to the panel 46 such as When an object comes 
in contact With the panel 46 as it encounters and passes 
through the portal 29. The point at Which the panel 46 
attaches to the horiZontal mounting structure 40 is the 
smallest portion of the conical shape, and the end of the 
panel 46 that does not attach to the horiZontal mounting 
structure 40 forms the largest area of the conical shape. 

[0052] FIG. 4 illustrates one application for the curtain 
antenna 28 to be used for communication With Wireless 
communication devices 10 passing through the portal 29 of 
the curtain antenna 28. A forklift truck 52 contains one or 
more pallets 58 that contain Wireless communication devices 
10. The Wireless communication device 10 may contain 
information about the pallet 58 to Which it is attached, such 
as its identi?cation. The interrogation reader 20 communi 
cates With the Wireless communication devices 10 on the 
pallets 58 to retrieve this information. The forklift truck 52 
has static arms 54 and moveable arms 56. The pallets 58 are 
stacked on the moveable arms 56, and the moveable arms 56 
can be raised or loWered by the forklift truck 52 for raising 
or loWering the pallets 58 for transport and/or storage. 

[0053] More information on the tracking of pallets 58 
and/or objects on pallets 58 containing Wireless communi 
cation devices 10 is discussed on co-pending patent appli 
cation Ser. No. 09/810,858, referenced above, and incorpo 
rated herein by reference in its entirety. Also note that other 
transportation devices may include objects containing Wire 
less communication devices 10 that may pass through the 
portal 29, including but not limited to a crane, an automo 
bile, and a motorcycle. 

[0054] In the present invention, the curtain antenna 28 
may be designed to alloW the forklift truck 52 containing one 
or more pallets 58 to pass through the portal 29 so that the 
curtain antenna 28 can communicate With the Wireless 
communication devices 10 on the pallets 58. Since the 
panels 46 are ?exible, a forklift truck 52 With its cargo can 
pass through the portal 29 so long as the forklift truck 52 and 
its cargo is smaller in dimension than the portal 29. When 
the forklift truck 52 and its pallets 58 move through the 
portal 29, the panels 46 move about the pallets 58. The 
interrogation reader 20 causes the conductors 48 inside the 
panels 46 to generate a ?eld 34 that is received by the 
Wireless communication devices 10 on the pallets 58. In this 
manner, the panels 46 act as the antenna 28 to alloW the 
interrogation reader 20 to communicate With the Wireless 
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communication devices 10 on the pallets 58 as the pallets 58 
pass through the portal 29. The panels 46 may also be 
transparent or substantially transparent so that the operator 
of the forklift truck 52 can see through the curtain antenna 
28 before driving through the portal 29. 

[0055] The panels 46 that are in the direct path of the 
pallets 58 passing through the portal 29 Will ?rst encounter 
the front of the pallets 58, and then move up and drape over 
the top of the pallets 58 as they pass through. As the pallets 
58 move fully through the portal 29, the panels 46 Will fall 
doWn on the backside of the pallets 58. In this manner, the 
pallets 58 in the direct path of the panels 46 Will either 
contact or come into close proximity to the front, top and 
back of the pallets 58 and any Wireless communication 
devices 10 attached on the front, top, and back of the pallets 
58. 

[0056] Preferably, the portal 29 is designed to be large 
enough so that panels 46 are present in both the direct path 
and adjacent to the pallets 58 or other objects as they pass 
through the portal 29 so that the curtain antenna 28 can 
communicate With any Wireless communication devices 10 
on the sides of the pallets 58. The panels 46 that are located 
immediately adjacent to the left side and right side of the 
pallets 58 passing through the portal 29 Will not encounter 
the front, top, and back of the pallets 58. Instead, these 
panels 46 Will either come into contact or close proximity to 
the left side and right side of the pallets 58 so that any 
Wireless communication devices 10 located on the left side 
or right side of the pallets 58 come into contact With the ?eld 
34 generated by these panels 46. The curtain antenna 28 is 
designed so that there is a substantial likelihood that any 
objects that pass through the portal 29 having Wireless 
communication devices 10 at any location on the object Will 
be interrogated successfully. 

[0057] FIG. 5 illustrates a curtain antenna 28 similar to 
that illustrated in FIG. 2; hoWever, the conductors 48 in the 
panels 46 contain one or more turns to form the loop 
antenna. A number of turns are placed in the conductor 48 
to provide the correct length for the desired operating 
frequency of the curtain antenna 28. 

[0058] FIG. 6 illustrates another embodiment of the cur 
tain antenna 28 that is again similar to that described and 
illustrated in FIG. 2. HoWever, in this embodiment, the 
panels 46 each contain multiple loop conductors 48 With 
each individual loop conductor 48 capable of operating as an 
antenna. This essentially turns each panel 46 into a multi 
antenna con?guration so that Wireless communication 
devices 10 can be interrogated by any one of the loop 
conductors 48. Use of more than one loop conductor 48 in 
panels 46 may alloW the curtain antenna 28 to better 
communicate With Wireless communication devices 10 that 
pass in close proximity to the panels 46 and/or pass through 
the portal 29. 

[0059] Not all of the loop conductors 48 Will establish 
communication With Wireless communication devices 10 
passing through the portal 29. The siZe of the object that 
passes through the portal 29 Will determine hoW the loop 
conductors 48 establish communications With a Wireless 
communication device 10 associated With the object. In this 
embodiment, an assembly line 60 transports objects through 
the portal 29. An object of a ?rst siZe 62 may pass through 
the portal 29. Note that the loop conductors 48 in the path 
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of the object of the ?rst size 62 contact the object causing 
cross coupling With other loop conductors 48 adjacent to 
those in the path of the object of the ?rst siZe 62. This cross 
coupling may be used by the interrogation reader 20 to 
determine the height, Width and other shape information 
about the object passing through the portal 29. The tuning, 
via the performance, of the loop conductors 48 may be 
examined by the interrogation reader 20 during transmis 
sion, and a pro?le of the metal content of the object may also 
be determined. 

[0060] FIG. 7 illustrates another type of conductor 48 that 
may be provided in the curtain antenna 28. The conductor 48 
is comprised out of a link chain 48 instead of a conductor 
Wire. The links 49 in the link chain 48 may be constructed 
out of any conductive material so long as an electrical 
connection can be made betWeen the interrogation reader 20 
and the link chain 48 to provide the antenna 28. The use of 
a link chain 48 may be advantageous due to its increased 
strength over a Wire conductor. As objects move through the 
portal 29 over a long period of time, a Wire conductor may 
become Weakened and eventually break. This break may 
disconnect the interrogation reader 20 from the Wire con 
ductor so that a particular panel 46 no longer generates a 
?eld 34. Or, the break may cause the Wire conductor to differ 
from the designated length such that the resonant frequency 
of the conductor 48 in a panel 46 is not the same as Wireless 
communication devices 10 passing through the portal 29. In 
either case, the panel 46 Will not be operational to generate 
the designed ?eld 34 to form part of the curtain antenna 28. 

[0061] FIG. 8A illustrates another embodiment of the 
curtain antenna 28 Wherein the mounting structure is com 
prised of tWo vertical mounting structures 40A, 40B. The 
mounting structures 40A, 40B are aligned apart from each 
other to form the portal 29. The panels 46 are attached to the 
insides of the mounting structures 40A, 40B and extend 
horiZontally rather than vertically, as illustrated in FIG. 2. In 
this embodiment of FIG. 8A, panels 46 are attached to each 
mounting structure 40A, 40B facing inWard toWards the 
opposite mounting structure 40A, 40B. The panels 46 are 
Wedge-shaped so that the panels 46 can interlock With each 
other so that the portal 29 area betWeen the mounting 
structures 40A, 40B is substantially covered With panels 46. 
It is more likely that a Wireless communication device 10 
passing through the portal 29 and the panels 46 Will encoun 
ter the ?eld 34 of the interrogation reader 20 if the panels 46 
substantially cover the portal 29 area. 

[0062] The panels 46 contain conductors 48 (not shoWn) 
or other antennas that act as the curtain antenna 28 coupled 
to the interrogation reader 20. The panels 46 located adja 
cent to each other but attached to opposite mounting struc 
tures 40A, 40B are offset from in each other in height Where 
they are attached to the mounting structures 40A, 40B so 
that the panels 46 form interlocking ?ngers With each other. 

[0063] FIG. 8B illustrates an object 90 passing through 
the curtain antenna 28 illustrated in FIG. 8A. As the object 
90 encounters the panels 46, the panels 46, being ?exible, 
bend outWard from their respective mounting structures 
40A, 40B. The panels 46 have a resiliency so that they tend 
to move back into their initial resting position, as illustrated 
in FIG. 8A, When not under a force. As the object 90 exerts 
a force on the panels 46, the panels 46 run along the outside 
edges of the object 90 and move across the entire depth of 
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the object 90. In this manner, the interrogation reader 20 is 
capable of interrogating any Wireless communication device 
10 associated With the objects 90 that either comes into close 
proximity to the panels 46 or physically encounters the 
panels 46 as the object 90 moves through the panels 46. 

[0064] FIG. 9A illustrates another embodiment of the 
curtain antenna 28 Wherein the mounting structure is com 
prised of a circular-shaped mounting structure 40 that is a 
closed shape. In this embodiment, the mounting structure 40 
is actually octagonal in shape. The panels 46 are attached to 
the inside edges of the mounting structure 40 and extend 
inWard to the center of the octagonal shape comprising the 
mounting structure 40. The panels 46 are Wedge-shaped so 
that the panels 46 interlock With each other as the panels 46 
extend inWard to the center of the octagonal shape compris 
ing the mounting structure 40. The panels 46 contain con 
ductors 48 (not shoWn) or other antennas that act as the 
curtain antenna 28 coupled to the interrogation reader 20. 

[0065] FIG. 9B illustrates an object 90 With associated 
Wireless communication device 10 that is moving on an 
assembly line 60. The object 90 moves to the end of the 
assembly line 60 and falls through the curtain antenna 28 
(shoWn in side vieW) into a container 92 as illustrated in 
FIG. 9A. As the object 90 encounters the panels 46, the 
panels 46, being ?exible, bend doWnWard from the mount 
ing structure 40 toWards the ground. The panels 46 have a 
resiliency so that they tend to move back upWard into their 
initial resting position, as illustrated in FIG. 9A, When not 
under a force. As the object 90 exerts a force on the panels 
46, the panels 46 run along the outside edges of the object 
90 and move across the entire height of the object 90. In this 
manner, the interrogation reader 20 is capable of interrogat 
ing any Wireless communication device 10 associated With 
the object 90 that either comes into close proximity to the 
panels 46 or physically encounters the panels 46 as the 
object 90 moves through the panels 46. 

[0066] FIG. 10 illustrates a block diagram of a multi 
plexor 70 used With the interrogation reader 20 so that 
communications betWeen the interrogation reader 20 and 
multiple panels 46 in the curtain antenna 28 can be managed 
individually. In this manner, the interrogation reader 20 only 
excites one panel 46 and its associated conductor 48 (not 
shoWn) at a time so that multiple ?elds 34 are not generated, 
Which Would potentially cause any Wireless communication 
devices 10 to respond to more than one ?eld 34. 

[0067] A multiplexor 70 is provided betWeen the interro 
gation communication electronics 24 and each of the con 
ductors 48 in the panels 46 of the curtain antenna 28. For the 
example illustrated in FIG. 10, the multiplexor 70 chosen is 
an eight state multiplexor since there are six panels 46 in the 
curtain antenna 29, and each panel 46 has only a single 
conductor 48. TWo states of the multiplexor 70 Will be 
unused. The clock 23 is coupled to the multiplexor 70 to 
cause the multiplexor 70 to cycle states creating a conduc 
tive connection or coupling betWeen the interrogation com 
munication electronics 24 and only one of the six conductors 
48 corresponding to the six panels 46 at a time. The 
multiplexor 70 cycles states in a sequential fashion so that 
the conductor 48 in the ?rst panel 46 is conductively 
connected or coupled to the interrogation communication 
electronics 24. The conductor 48 in the second panel 46 is 
next coupled to the interrogation communication electronics 
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24, and so forth, until each conductor 48 in the panels 46 has 
been conductively connected or coupled to the interrogation 
communication electronics 24. The multiplexor 70 repeats 
by cycling through its states again, providing a conductive 
connection or coupling betWeen the conductors 48 and the 
interrogation communication electronics 24. 

[0068] Preferably, the clock 23 is of a speed that cycles the 
multiplexor 70 fast enough so that all of the panels 46 and 
their associated conductors 48 are conductively connected or 
coupled to the interrogation communication electronics 24 at 
least several times as an object passes through the portal 29. 

[0069] FIG. 10 also illustrates a proximity sensor 71 
coupled to the control system 22 of the interrogation reader 
20. The interrogation reader 20 may be con?gured to only 
excite the conductors 48 in the curtain antenna 28 When an 
object is detected in close proximity and/or passing through 
the portal 29. This alloWs the interrogation reader 20 to only 
expend energy exciting the conductors 48 in the panels 46 
When an object is detected. This also alloWs the interrogation 
reader 20 to conserve energy from its energy source 30. In 
addition to the cost savings associated With conservation of 
poWer, use of a proximity sensor 71 to only interrogate When 
an object is detected may be of particular importance if the 
energy source 30 is a non-reneWable energy source, such as 
a battery, since it can be time consuming to replace non 
reneWable energy sources, such as batteries. 

[0070] Any type of proximity sensor 71 may be used in the 
interrogation reader 20 to detect objects. Examples of prox 
imity sensors that may be used With the present invention are 
disclosed in US. Pat. Nos. 5,675,173; 5,877,664; 5,880,538; 
and 5,675,150, all of Which are incorporated herein by 
reference in their entirety. 

[0071] The proximity sensor 71 may be located in the 
interrogation reader 20 or in close proximity to the interro 
gation reader 20. The proximity sensor 71 may be located on 
or near the curtain antenna 28 in a position that alloWs 
detection of an object before or during its passage through 
the portal 29 of the curtain antenna 28. In this manner, the 
control system 22 can cause the interrogation communica 
tion electronics 24 to excite the panels 46 and their associ 
ated conductors 48 to communicate With any Wireless com 
munication devices 10 associated With the objects passing 
through the portal 29. 
[0072] FIG. 11 illustrates a ?oWchart of the process used 
by the control system 22 to interrogate only When objects are 
detected using the proximity sensor 71. The process starts 
(block 72), and the control system 22 determines if an object 
has been detected using the proximity sensor 71 (decision 
74). If not, the process repeats in a looping fashion With the 
control system 22 again determining Whether an object has 
been detected (decision 74). If an object is detected, the 
control system 22 causes the interrogation communication 
electronics 24 to excite the conductors 48 in the panels 46 to 
generate the ?eld 34 (block 76). The interrogation reader 20 
then processes any communications received from a Wire 
less communication device 10 (block 78). The process 
repeats With the control system 22 detecting any additional 
objects coming in close proximity to the curtain antenna 28 
and/or passing through the portal 29 (decision 74) so that the 
interrogation reader 20 continues to interrogate the Wireless 
communication devices 10 on neWly encountered objects. 

[0073] The proximity sensing capability of the interroga 
tion reader 20 may also be performed Without the need for 
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a separate proximity sensor 71. For example, the interroga 
tion reader 20 may constantly excite the curtain antenna 28 
With a poWer signal. To conserve poWer, a loW energy poWer 
signal may be used, such as 1 milliWatt for example. The 
interrogation reader 20 is capable of detecting an object by 
detecting a mismatch of the curtain antenna 28 caused by an 
object detuning the curtain antenna 28 for the action taken 
in decision 74 illustrated in the ?oWchart in FIG. 11. When 
the interrogation reader 20 detects an object, the interroga 
tion reader 20 then excites the curtain antenna 28 With a 
higher poWer signal, such as 1 Watt for example, so that it 
can establish communications With any Wireless communi 
cation device 10 associated With the object. Examples of 
using antennas that may be used as proximity sensors With 
the present invention are disclosed in co-pending patent 
application Ser. No. 08/810,858, referenced above, and 
incorporated herein by reference in its entirety. 

[0074] FIG. 12 illustrates a curtain antenna 28 that con 
tains panels 46 con?gured to exert air onto objects as they 
pass through the portal 29. Exerting air onto the objects as 
they pass through the portal 29 Will reduce the amount of 
contact force that the panels 46 exert on the objects in case 
the objects are fragile, such as fruits for example. In this 
embodiment, the panels 46 are constructed out of plastic and 
are ?lled With pressuriZed air. A pressuriZed air source (not 
shoWn) under control of the interrogation reader 20 is 
provided to ?ll the panels 46 With air. The panels 46 contain 
one or more holes 79 to exert the pressuriZed air onto the 
objects. As objects are detected by the interrogation reader 
20, such as by using proximity sensing methods discussed 
above, the interrogation reader 20 controls the pressuriZed 
air source to force air into the panels 46 and out of the holes 
79 onto the objects. In this manner, the air is exerted onto the 
objects as they pass through the portal 29, causing the panels 
46 to hover on top of the objects. 

[0075] The panels 46 may also be con?gured to exert other 
desired materials onto the objects as they pass through portal 
29, such as a liquid. For example, the interrogation reader 20 
may ?ll the panels 46 With Water that is then exerted on food 
objects as the food objects pass through the portal 29 for 
cleaning purposes. The liquid could also be an insecticide 
that is exerted onto food objects to protect the food objects 
from insects. 

[0076] FIG. 13 illustrates a block diagram of an informa 
tion reporting con?guration for the present invention 
Whereby information received by the interrogation reader 20 
from Wireless communication devices 10 is communicated 
to other systems. The interrogation reader 20 may be 
coupled to a reporting system 80. This reporting system 80 
may be located in close proximity to the interrogation reader 
20, and the reporting system 80 may be coupled to the 
interrogation reader 20 by either a Wired or Wireless con 
nection. The reporting system 80 may be a user interface or 
other computer system that is capable of receiving informa 
tion about objects With associated Wireless communication 
devices 10. The information may be used to track the 
objects, display information about the objects and/or to store 
information concerning the objects in memory (not shoWn). 

[0077] The reporting system 80 may also further commu 
nicate information from the Wireless communication devices 
10 to a remote system 82 located remotely from the report 
ing system 80 and/or the interrogation reader 20. The 












